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1) Introduction.

General reviews of these three oxidants have Tbeen iggued
(Refs. 1 & 2), but in neither of these reports was there a
discussion of their sultability for specific operationel uses.
Subsgequent to these reports, an assessment of the most suitable
of these oxidants for A.T.O's and aircraft boosts (3) was issucd.
With a ‘fuel, puch s kerosine, there is.little differcnce S
pcrformance between these oxidants and thercefore the assessment
can be scparatcd broadly into two parts, viz: operational rcquire-
ments and availability.

The term operational rcquircments hos many diffcrent aspects
and includeg such guestions as handling and storage propertics,
hazards in usc, ctc. It cghould be rcnlised that the fact that
a chemical is o vigorous oxidant implics that it will recnct
undcr some conditions with anything that c¢on be oxidisged, that
is, with many ordinary mntcrials. Although the degree of this
reactivity varies, it is clecr that such chemicals must always
pradent -difficulties 1n handling.

Availability must be nnolysed from scveral vicwpoints. e
first is whcether it can be produced in large guontitice oand, -1f
so, whether the particuloar advontnges of o given oxidant justify
its production. Fortunntely in thc¢ three oxidantes under
discusgion this qucetion is cagily answered. Both liquid oxygen
and nitric 2cid are already manufactured on the large scale and
the problem here d1s whether the guantities reguired for Liguid
prcocpulsion systems will be compatible with other re¢quirements.

In the cage of Hydrogen Peroxide, thecre is on¢ operational require-
ment - for underwatcr propulsion - in which Nitric Acid end liguid
oxygen arc not practical altcrnatives, and thercefore it can be
agssumed that there will be some large scale produciion in the UK.
The question is thus whether the production planncd can mcct the
total requircments.

Although these three oxidants are normally considercd to be
the only ones likely to be available in the ncar future, it
should be rcalised that ligquid Nitrogen Dioxidce ig potentially
availablec in large guantitice as an intermcdiate-in the production
of Nitric Acid.

Finally the threce oxidantg should bc¢ more cloegely specified.
The -only impurity in liquid oxygeén is a trace of nitrogen, but
both Nitric Acid and Hydrogen Peroxidc {(High Tecst Peroxide, H.T-P. )
as uscd commercially reguirce closcr definition, By Nitric Acid
is meant 985 HNOz (+ 2% water and poesibly traces of NOg) which
will be rcferrcd to as White Puming Nitric Acid (W.P.H.A,),
Much work in Amcrica has becun carricd out with Nitric Acid contoin-
ing Nitrogcn Dioxidc in solution. This ie clled Rcd Puming
Nitric Acid (R.F.N.A.), ©Either acid may nlso contnin various
mcetallic salts to cntalysc ignition, or smell ~mounts of Sulphuric
Acid (up to 1C#%) for rcducing its corrosive propertics,. The
Nitpic Acid, referred to in this report, is 988 HNO3 i.C. Wik Ni&.
Hydrogen Peroxide, as uscd for propulsive purposcs, gencrally
contanins 8C% to 9C% HgO0o, and H.T.P. ie usunlly defined ne 858
HgoOg ‘with the addition of stabiliscrs,

2) Pcrformonce.

The comparntive performance of the thre¢ oxidente hos been
discussed many times. With a combustion chanmber pressure of 300
lb/=2q.in. and with kerosine as fuel, W.FP.N.4. snd H.T.P; have-§

Japceifio



Specific Impulse of abtout 220 sccs,, whilce liguid oxygin gives
about 240 sccs. In many applications, howcver, the performance
per unit volume of propcllant is more important andé, asscsscd on
$his bagig, V.BE.N.A. sgd H,T.P. (kerosinec ¢fuel) arc sbout 208
betbter. thon 1ig. Og beecauso, of their highcr dcengity,

These conclusions arc gencrally truc for "ny normnl fucl
€.gs hydroecnrbong, clcohole. If, however, liquid hydrogen is
the fuel,: then under the game conditions ag above, W.F.N.A. and
H e toive '8, ks of Hbous 286t scce, (Refed) s whilc. Tlg.05 has
an S.I. of approx. 340 sccs. iTicRSiicliaiS it Chel cne @ aibehe
difference in performance. and, as liq.Hg, would be used only
when volume, i.c. decnsity, was not n controlling factor in weapon
design, it follows that lig.Og would be preferred .in such 4 case.
A brief table of physical properties is given at the end of this
REDIOR,

Finally it should be mentioned that the combustion temper-
ature with H.T.P. is about 3000C, below that of thc othcr
cxidiants for equal performance. Thig factor is of importance
when the tcmperature resistance aof the constructional material
must bc consgidcrcd. Howcver, any high pcecrformance rocket motor
with a2 time of operation greater than a fow seconde must be
pEheneratively cooled, If kerosine ig thc fucl, the oxidant
would be uscd as the coolant in prcference, -as kcrosince has .
poor thermal propcrties., Both HNOz and H.T.P. havc becen uscd as
coolantg in rcgencratively coolcd motors. Liguid -Oxygen has
been used to cool a rocket motor but much more work is necessary
on thigs problem. On grounds of stability, HNOg is bectter than
ol R .

3) .Storage and Trangport.

(a) Ligquid Oxygen.

Storage of liguid oxygen is only practiceble for relatively
ghort times, unlcss production facilities arc availlable to main-
tein the supply. It can be stored in copocr, aluminium or in
gpecial stesls, the main problem being the scloction of metals
Waitoh vetain their strfength at the tcmperature of liguid exygem,
Such vegscls are thernally insulatcd by lagging, largce Dewar
vesscls being too cxpensive and heavy. Small compact low-—
pressure plant for ligquid oxygen production is under development
and the rcqguirements for liquid oxygen at operational bascs
could be met by this mcans. The losscs on sgtorage amount to
about 2% per day, roughly, which mcans that a storagc capacity of
100 tong could be maintained by thc¢ output of a2 small low
pressurc plant which would replacce c¢vaporation losscs. The main
losses occur in the transfer from onc vesscl to anothcer. Tl
Germang cxpcricnced losscs of 505 between manufacturce and filling
ghte V.2's (Ref.3). Storagc under tropical conditiong offcrs
no grcater problems than storage undcr temperate conditions, the
only diffcrencc being & greater cvaporation loss.

The use of liguid oxygen away from production ccntrecg thus
necessitates corrcctly designed storage tanks (the design of
these is well understood), and small low pressurc liquid oxygen
plants It is estimated that the production of each pound of
lig.02 requires about % 1b, of fuel oil, thus liquid oxygen storage
requires a certain amount of capital outlay but is easilv and
cheaply maintained.

Transport of liquid oxygen is practicable by road or rail
and suitable tank cors for toth means ~re¢ in current uce. Storage

/on



Storace on board ship is feasible but the possitle presence of
high concentrations of oxygen gas makes the danger of fire very
high and, in combat, this risk is considered to ke too large,
particularly as steel burns readily in liguid oxygen and a fire
with liquid oxygen could involve the loss of the ship.

(b) H.T.P.

The Germans developed satisfactory means for the bulk storage
and transport of H.T.P. and, under temperate conditions, the
logs in concentration does not amount to more than 1% to 2% per.
year through decomposition. H.,T.P. maet be stored in tenkg of
pure aluminium cleaned by a simple but special technique.
H.T.P. is stebilised (thc preferred stabiliscr in thc U.K. is
Sodium Stannate) against accidental contamination with very small
quantities of catalytic impuritics, but contamination with
appreciable quantities of organic materials or many metals,
generally compcls dilution with large quantitices of watcr and
consequent losg of the H.T.P. Storage vesscls for H.T.P. must
always be vented and thc most scrupulous clcanliness insistecd
upon. Movement during storagc, as in transport and on board ship,
does not of itself lcad to larger losses in concecntrntion in
tcmperate climatcs (Ref.6).

For use in submarincs the maximum temperaturc requirement is
(ot the moment) stability at 40°C (104°F). Expcrimental work
on this aspcct of storage is at present in progrcss at E.R.D.E.
If stobility in storage at higher tempernturcs is demandcd, then
1t ie probable that s time limit on the storage will have T be
given but therc secms no rcason why the storage tempcraturc should
not be maintained at some acceptable valuc, c.g, by refrigeraiion
in tropical climntes. The ‘effcet of motion on 8tability ok
these higher temperatures has not been investignted and clearly
work must be donc on this aspect. g

The freezing point of H.T.P. is about -20°C. (-4°F) and
arctic conditions would create storage problems. The freeging
point can be lowered by addition of certain compounds, the most
pronising of which is Ammonium Nitrate, but these difficulties
could be overcome by suitable heating arrangements both for bulk
storage and magazine storage of filled weapons. In operational
use; however, under arctic conditiong or in high flying =ircratt
ér woeckets, trouble may asrise. from the relatively high TeeBzing
point. Thus in trials with the Vickers Rocket-Propelled Air-
craft Model at 35,000 ft, the tempecrature is near to the freezing-
point of H.T.P. and, in fact, difficulties in starting were
experienced which may have been due partly to the increcased
viszogity of the H.T.P.

On bcord ship contamination with chloride ions occurs by
breathing in of air-borne sea-spray, . the effect of which i& o
caugsc corrosion of aluminium by H.T.P, A concentration of nitrate
ions (Sodium Nitrate) of about 10 p.p.m. has becn found to inhibit
cerrosion by chloride, but morc work on this aspcct is necessary,

(¢) Nitric Acid.

Nitric Acid (W.F.N.A.) can be stored without difficulty in
veseels of pure aluminium, as long as the concentration is kept
above 96 INOgz. At lower concentrations it readily asttacks
aluninium but, under these conditions, stainless stecl ie very

resistant. At concentrations sbove 96, stainless stecel is slowly
attacked but is adcquate for short times of storage. Mild stecl
/is
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ig algo suitable for bricf storage, particularly with the |
addition of ccrtain inhibtitdrs, such as phosphoric acid, i

i

It may well be that other aluninium alloys posscssing greater b
mcchanical strength than purce alwainium, may also be suitablec,

Work on thcsc problems is in progress at E.R.D.E. Thc German

firm of B.M.W, claimed to have carricd out satigfactory storage “y

trinls with 98% HNOsz contaoining iron selts in senlcd vessels of
Duralumin (5) for pcriods up to onc year (thc alloy contoincd
7% of copper). :

If aluminium vesscls are used for storage of HNO3Z, pre-
cautions must be taken to ensure that the concentratieon does not
" fall beclow 96%. TnSerepledlscountrice the hreathing seaellenuin
tonke, fitted with breathing devices, will cause. relatively
large movements of aip into and out of the tanks, nnd they muzt
therecfore be fitted with water traps. An nlternative is to usc
complctely sealed tanks ond this should be guite practicable. ,

Transgport of HNOz jis normally in scaled drums. Thioresie
it precent no road vehicle which ie approved by. the Home Offiee,
but Nitric Acid was transportcd in road tankers between the
R.0.F's during;thc war. The Americang also have approved types
of road tanker. In general, storage and transport of HNOgz is
gimpler than for the other two oxidants.

HNOz melts at -42°C (-44°F) and boils at +86°C (1879F).
It is .quite easy to depress the freezing point of HNOz to telow
-50°C %—580F), Bag. by the agailtion' of Hrgn sslte, end thus
weapong could be stored and used at lower temperaturcs than with
HOT. B, At temperatures near the boiling point HINOz dissociates
Bessne e niolls loxldes of niteopgen but, @ this is Qn Cgui il
procesg, storage in sealed veessels would prevent it from proceed-

ing far, There is insufficient knowledge of the . corrasion '
bechaviour »f Nitric Acid ot high temperaturcs nnd more information
is clcarly dcsirable. RIOWEwER; it i@ ey fpncleSilpaeiel Blean Bl g

Wil lead 1o storage difficulties given suitable choice of
matcriols, : '

4) Operational Supply.

(a) General. :

- The main requirement of a weapon, assuming satisfactory
functioning, is that it should offer the leagt possikle dasnger .
to the operators. The use of petroleum products involves a
gonsgiderable Fire pialty Yel the Servigés-emplay Lhem boecauge
gsatisfactory ways of handling have been dceveloped. hieMtnece
oxidante undcr discusgion arc edmittcdly dongerous if handled 3
Prunstililed personnel ,~ but offer 1ittle,trduble &0 ‘treined
pereonncl adequately supcrvised. L 5kE @dlead) EaGCIENEG . B A
mogt important operational rcguirement is the training of pcrsonnel |
for hondling thcse materials,

[FFS e Saend s and THal: Pucans bt Jhendiledt by nomnyl Sroetis-a:

uscd for liquids, Im sEalling” tonksy  forecd feed - tErsugh hagc ot
suitable moterinls e€nn be uscd. The Gerng (develapsd: plisihics
for uee both with HNOz and H.T.P. A eoneidirnkle smaunt of wor:

on H.T.P. registant plastics has also bteen done in the U.X. but
much more 1s necessary to develop oneg which will stand up to

HNOz., B.M.W. (Ref.5), when filling oxidant tenks with HNCy, used
arElEE RetNPnt A0 order 15 prevent ‘escepe of' the fumea: ob ENOz. Usnd
in this way Were able to aveid the use of gas maske. Lig.sxygen

can bc handled in similar fashion, -

i .
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It is clear from the previous section that Nitric Acid
and liquid oxygen could comply with extreme requirements more
easily than H.T.P. It should te mentioned, however, that .
in the case of liquid oxygen, the high humidities asgssociated
with some tropical conditions would consgiderably increase any
difficulties due to water condensation, e.g. with moving
mechanical parts.

(b) Naval.

Storage on board ship presents a major problcm as accidents
may lead to loss of the ship. For reasonsg mentioned in the
previous section, storage of liguid oxygen on board ship is con-
gidered too hazardous and would also entail extra plant to main-
tain the stock.of liq.Og. In the event. of storage of HNOz or
H.T.P. on board ship, either in bulk or in filled weapons, the
main safety requirement is the provision of plenty of water.
Both these oxidants can be rendered innocuous by dilution with
water and arrangements should be made for the immcdiate disposal
of the diluted oxidants. It would be advantagcous to be able to
cover the floor of thc magagzine with water so that, in thc¢ event
of rupture of containers, thec fuc¢l and the oxidant could not
accumulate. This would be in addition to the arrangcuients for
flooding mngazincs which are normally present,

(¢) Land.
The problem here depends very much on the operational use _

of' the weapon. For example, with long and short range strategic
weapong and home-basged anti-aircraflt weapons, storage can also bhe
isolated and the hazards should not amount to much more than with
conventional weapons. For mobile equipment, liquid oxygen and
HNOs have certain advantages over H.T.P. Liguid oxygen cen be
produced In situ which simplifies the supply problem, the only
gther requiretient being fuel oll which' ig rcadily aveilable ginee
requircd for other purposcs. HNOz can bc transportcd in. sealed
drums; whcreas H.T.P. nust 2lways be transported in vented
vessels,

(d) Air,
The problem of operational supply is similar to that in
gsection 4c¢, i.c. depcndent on whether the aircraft are home-based
@D,

5) Hazards.

(a) Explosive Risks.

Both liquid oxygen ond HNOz o~re thermodynamically stoble
wherens H.T.P. is an unestable compound. While this foct mugt
always bec bornc in mind, it should no>t be over-cmphneised, The
Germans carricd out many c¢xperiments on the ¢xplosive behaviour
DT Tala I 512 In gencral they found that the cxplosion of. bombs in
gtopage tanks conteining H.T.P; did not produce detonatiom, One
cnge of the detonation of o & ton etorage tank f£illed with H,T B
by nn 0il bomb ig howcver roported in Ref.6, The intraductien
of foreign matter into H.T.P. may well lcad to cntalytic dccame
position with rc¢sultant pressurc bursts »f storage tonks, This
general opinion of. the Gerimans ~n the relative ingensitivity -of
Bvl.F. has beon confirmed by work at B.R.0 0. At n rn~l tenper-
aturcs 1t htos not been found pogeible t prprgate détonation
in, H.T.P. bclow S0 concentrntisn cxcept prgeibly when under very
héavyy confincment. It is paeEible that H.T.P. ad Bighep
temperaturcs may be morce gensitive but n» work, nlth~ugh contem-
plaved, haes yetb been carricd out, ) Y,

it
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It has been found that emulsions of hydrocarbong in
H.T.P. and HNOg will propogate detonation and that such mixtures
are gengitive. The provisional view at E.R.D.IL. is that the
emulsions with H.T.P. are more sensitive than those with HKNO3.
It is possible that liquid oxygen may form similar sensitive
mixtures but no definite information is yet available. Solutions
of orgenic material in H.T.P. will also propagate detonation,
the amount of organic impurity required being guite small, e.g.
approx. 5% Ethyl Alcohol. Again it is possible that HNOgz may
behave similarly, but information is lacking. A comparison of
the relative hazards of oxidants with (a) self-igniting and (b)
non-se€lf-igniting fuels has been given in Ref,7,.,, but therec is
SHakIES Shuwonough “informarnilen tor & irm opinion.

- I'm our present state of knowledge 1t seems falr to say that
FL DB Sins wWeapons offiers greatelr . explogive riske than HNOZ bub
tlhiattastlies dilfflerencie s probabily not. very great. IBalgdlalyr s ol
should be mentioned that in one casc H.T.P. injeected into a troy
of burning petrol produced a violent ¢xplosion whercag HNOz under
similar conditions, did not. The auichor dacs ast know Whether
fires with 1liquid oxygen hnve ever 1lcd to detonntion.

(b) Pirc.

The risk ig congiderable with all threc oxidants and fires
may be initiated spontaneously with H.T.P. and HNO3, and possibly
under certain unlikely conditiong, with liquid oxysen, c¢.g. with
finely divided metals. e milisle 1 er areatdet amitn HT P o a5 tile
decomposition is catalysed by so many substances, i.c. quite
a small amount of impurity may initiatec a fire. Each oxidant
has its own particular disadvantagcs, viz: thce fire may cause the
explosivec decomposition of H.T.P. with conscquent spreading of
the arca of inflammation; HNOz will givce large quentitics of
toxic oxides of nitrogen and HNOz vapour, and some mctals burn in
ISl S oxyEen onee ® fire hag been started. Fires with HNOg
and H.T.P. can be put out by water, bu't water has less effect
on liguid oxygen fires as the water docs not dilute the oxidant.
Since HNOz gives rise to oxides of nitrogen which arec extremely
toxic (the effect is often delayed and pcople inhaling these
gases should rcceive immediate medical attention), it is nccessary
for gns-masks to be used which makes fire fighting more difficult.
In the event of an aircraft crashing with any of the three
oxidants, -the rigk of fire.will be very high 2nd in our present
stote of knowledge, it is impossible to say which onc presents
e sreatest . danger,

(c) Toxicity.

Nonc of the three oxidente undcer discussion is toxie but
Retpare Acid eon be, cither in fires or by contaiminntion with cerbadim
metale and organic materials which give rise. to poisonous gesce,

ey ein all causc burns and those from HNO3 nre ecrtrinly more

déngerous than from H.T.P. and liquid- oxygen. These oxidants
should be handlcd only by propcrly traincd perscnael wearing suitable
pretee tive clathing. In addition, -gang mogks should ~lwayes be

avellible when hnndling Nitrie Acid,

Boetshauld e noted , “hojever - that leakoge of Ritriesdecid s
e 2challly cliyrietes ) Talehl aE nehn Tt @5 RC St e L na i d S0ey
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6) Reguirements for individual weapons.

(a) Long Range Strategic Weapons.

These would be used only for carrying very valuable pay loads
and it may be that long range bombers are more practicable than
these weapons. As such weapons would have multi-stage propulsion
it would be possible to use any of the oxidante under discussion,
but as the greater part of ‘the trajectory would be outside the
carth's atmosphere (i.e. 'drag' would k¢ negligible during most
of thc journey), systems with the highest possible Bpacitic
Impulsc are favoured, and liquid oxygen (possibly with liquid
hydrogen as fuel) is the best oxidant for this purposc. Liquid -
fluorine/liquid hydrogen appears to be the ultimntc goal,

(v) Short_Ronge Strategic Weapons,

By these are meant weapong of the type of the German V,2.
The usefulness of such weapons depends on the success of anti-air-
craft weapons against high flying bombers. The density of the
propellant is an important factor and it has been shown (Refs, 8
and 9) that both HNOg and H.T.P. arc better than liquid Og on
this bagis. There 1s 1little difference, however, between HNO5/
kerosine and H.T.P./kerosine (Ref.4), HNOz becing equivalent to
H.T.P. containing 88% Hg0g on a volume basis.

H.T.P. has one advantage by virtuc of the fact that it cen
be catalytically decomposed in a controlled manner, and can there-
forec be uscd as a gas producer to actuatc auxiliary equipment,
such as turbine-driven pumps. There arc, however, other gas
producing systems, e.g. Messrs. I.C.I. are developing gas produrers
based on organic nitrates, and nitromethane Las been similarly
used by the Aerojet Engineering Corporation in America (Ref.10).
Solid gas producers have also been developed, e.g. cordite, and
the catalysed decomposition of Ammonium Nitrate and Guanidine
nitrates. Systems based on the latter can be designed to give
very long times of burning and gases at relatively low temperaturee -
as low aes 500°C, : :

(¢c) Anti-aircraft weapons.

We+rshall congider land (or ship) to air weapons. These con
¢ither be guided or unguided. The unguided weapons will be small
(on cconomic grounds large A,A., weapons must be guidcd) and their
advantage over conventional gun-cjected missilce ig that they can
rcach greatcr heights and in a shorter time. The Spccific Impulse
is morec important:than thc performance per unit volumce (for smnll
differenccs in deneity), dbut it is clecoar thot liguid oxyzin 1ig not
suitable, becausc (a) it ise very wastefuleto Till dnnll tanke 'with
liquid oxygen and such tanks requirc frequent topping up, (b) the
tank must be heavily lagged to rcducc cvaporntion lossce and to
prcvent freezing of the fuel. Expecriencewith L.OVP,./G. AP, hhs
shown that 1f thc filled weapon stonds too long, failurec of gome
of the wvalvcs occurs. This is probobly duc cither to watcr conden-
sation or to changes in dimensions. The weight of the weapdn would
bc exceesgive, Moreowery £iring could.not take plaec nt .o mothcnts
noticc¢ which defeate the main purposc of the wenpon. Reccently
A.D.E. have developed an A.A. unguided 4" liguid propellont rocket
e o test vchicle (bnsed on the German Taifun) which hre behaved
satisfoctorily in ErechE£iioht talels. The propellont systcm used
ig thc self-igniting propcllant combination »f W.FP,N,A. s sxidant
and a mixturc of furfuryl alcohol and anilinc (70/30 by volumec) ag
fael The weights ofoxtdant ig ' jhaest 14 Jbe.: Rt Tt of fudl s
THlbEs The volume' of oxidant ig 'juet over -4 l1litrcs, iaze.. Hhe
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oxidant tank is of about 5 litres capacity #nd the fuel tank
is the anulus between the oxidant tank and the skin of the
projectile, which is a compact design,

These arguments exclude the use of liguid oxygen. Nitric
Acid is preferred to H.T.P. on the grounds that the oxident
tank can be gealed; thus the weapon can be stored ready for use
and easily transported.

For large A.A. guided weapons the density advantage of
HNOz and H.T.P. referred to in Section 6(b) is valid as the
trajectory of the weapon will be inside the earth's atmogphere,
Again, HNOz seccme preferable to H.T.P., as it can be stored in
gealed tanks. This is 2 particular advontage on board ship
ns it means that handling of the oxidant can be done 2t shore
bases. If additional safety is reaquired the wenpon cmn be trans-
ported and stored without the fuel. Ag this will prob~bly be
kerosine, it adds no additionnl supply problom. Further,»Lhe
main disadvantage of HNOz i.c. evolution of ~cid fumcs and, in
contact with mony materials, of oxides of nitrogen, results in
leakages being readily detected, whercens H.T.P. rescmbles water
in its appearance and absecncc of gmell, s

Ba T AT 8

A detailled review of the use of the three oxidants for this
purpose ig given in Ref.3. The main regquirements are gtated to
be (a) Depeniability, (b) Simplicity and robustness, (c) Safety
in case of a crash and (d) that the propellant should be cheap,
recadily transported and stored, available in all parts of the
world and easy to handle under Servicc and commcrcisl conditions,

Broadly speaking, the Specific Impulsc of the propellant
gsystem is not of great importance as the weight of the propellant
will in cvery casc be only a small fraction of the total all-up
weight of the aircraft and, further, will not be carricd when the
hireralis is. iny LXight. On these grounds the authors of Ref.3
have rccomended the "cold" H.T.P./solid catalyst systom. Such
a system cortainly fulfils requirements (a) and (b) ond will Dbe
gafer in n cragh thon o propellant based on oxidant and fuel,

The consumption of oxidant in this system will however te 50% -
B0% highier then. the teotalipropellant reguired ‘in . thc cngea of 2
bicomponent propecllant system.

I1f, however, a bicomponent propellant 1s chosen, none of the
three oxidnnts shows any particular advantngc cxcept in regoard
to rcquirement (d) where Nitric Acid mny be preferred on grounds
of icheapness and ease of storage and .transport; liguid oxygen
can be produced cheaoly 'in gitu. Thue it is difficult to reach
a decision without operational experience.

(e) Aircraft Boosts.

This quegtion was also discussed in Ref.3 and the following
reguirencnts were specified ¢-

a) High performance - large power output for minimum weight
of propellant.

b) Dependability.

c)  Safecty - jthe boost must not grcatly incrcese. the risk to
the ercw in air fighting or in.crash landing.
/4)
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d) The same propellant requirements as for A.T.O's.

These are clearly desirable properties but, in the author's
opinion, it seems certain that- the carrying of a liquid propellant
system will very considerably increase the risk in eir fighting
and in crash landing and that this will always be so with the
propellants under discussion,

The boost is required to give an interceptor plane a very
high rate of climb and a power reserve for interception when at
altitude. The use of liquid oxygen is unsatisfactory for two

. rcasons. Firstly, the tank will require considerable lagging

to cut down evaporation losses, and also to protect aircraft controls
from frecezing. This will incrcase the¢ bulk and weight of the
oxidant tank. Sccondly, an interceptor planc will have to stand
ready for opecrational flying for considerablc lengths of time,
This will involve supervision of the oxidant tank in order to see
that the evaporation losses are replaced and should the plane not
be used it will be necessary to empty the tank or to leave it
£illed with liquid oxygen. Both proccdures are wasteful, Fill-
ing with HNOz or H.T.P. are both quicker processcs than filling
with 1lig. Og., In view of these comients it seems that cither
HNOz or H.T.P. arec better suited for this purposc than liquid
oxXygen.

f) Underwatcr Propulsion.

For submarine propulsion H.T.P. is clearly superior to either
HNOz or liquid oxygen. In fact, there is no choice, as 'a gas
producer is required. Similarly, with torpedoes, it is clecar
that liquid oxygen is impracticable and HNOz with any fuel will
lcave a bubble track as it contains nitrogen.

7) Availability.

A logical way of discussing this question is to try to form
an estimate of the possible requirements per year, Inevitably
this estimate is very approximate but it will at least enable
gome conclusions to be drawn.

The Table at the end of this report givcs an approximate
estimate in most cases for 1951 of the quantities of oxidant which
might be requircd for the various purposes which have been
discuseed. It is based on H.T.P. merely because it has been the
custom to consider H.T.P. as the main alternative to liquid oxygen.
As the figures can be applied to the other oxidants without
changing the orders of magnitude of the gquantities involved, it
has not been considered necessary to add modified estimates for
either HNO3 or liquid oxygen, particularly as in some cases liquid
oxygen is not a practicable proposition,

The Table shows that 4if all requirenentg are met by H.T.P.,
10,000 to 20,000 tons per annum will be necded for underwater '
propulsion, and at least 5,000 tons for all other purposcs. At 4
present Messrs., Laportc are producingfatout 500 tons of H.T.P. 7’-
pcr yecar and there are plans for a factory to produce 2,00Q tons
per yecar (Ref.l). Plant is also available in Germany .but whether
this can be removed to the U.K. is a political qguestion und therc-
fore will not be¢ discussed further. Thus, as far as the author
is awarc, there is not enough production planncd to mcet e¢ven the
Naval requirements and as there is no alternative to H.T.P. for
underwotcr propulsion, as there is for other purposecs, it is quite
clcar that the Naval requirements would have to be satisfied before
other requirements could be met.,

Sue
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We shall now enquire whether a minimum peace-time require-
ment of 5,000 tons per annum could be met by HNOz or liguid °
OXygen. There are many liquid oxygen plants in the country
and an extra requirement of 100 tons per week could almost
certainly be met, not withstending the increasing demands of
industry. Further the industrial demands for liquid oxygen are
continually increasing so that the liguid oxygen industry has
been continually expanding its production capacity.

During the war the total U.K. production capacity of 983
HNOz was fully employed and thus thcre is clcarly a question of
competition for various purposes. It has becn suggested in Ref.l
that, as each guided missile, for example, would rcquirc many
timcs the amount of HNOz needed for conventional weapons (e.g. as
cordite), the rclative effieciency of thesc wcapons must be
assessed, This argument scems false to thc author as liguid
propellant weapons are intended for use against aircraft flying
in the stratosphere at very high speeds, for which purpose
conventional weapons are useless. Therc is thus no quegtion of
relkatidve efficiencys . rather thesefficicenecy of eonventional
weapons is zero against such targets,

The author understands that during the war the production of
98% HNOz in the U.K. was a few thousand tons per wcek, Thus a
requirement of 100 tons per wcck could.be mect without difficulty
even with the plant still availablc.

As the basic materials for all three oxidants are very cheap
(in the case of lig. Og, the cost is nil), the price of the
product is an indication of the power, labour and production
difficulties. The following figures are quoted from Ref.3, viz:
liquid oxygen - £23 per ton, HNOz - £85 per ton and H.T.P. about
wOR. per: ton,

8) - Conclusions.

The result.of this discussion can be summarized as follows
but the items must be rcad in conjunction with the main text.

i) Availability. The quantities of HNOz and liquid oxygen
reguired could ‘be met easily from existing production facilities.
In the event of an emergency probably all the H.T.P. produced
would bc wanted for Naval purposcs. The existing production
pceition of H.T.P. in the U.K. is very unsatisfactory indeed,,

ii) Performence. The valucs are go closc that thcy would
not be a declding factor, except with liguid hydrogen as fucl.,

iii) Storage and Transport. All thrce oxidants can bc trans-
ported and stored by well establishcd mecthods. Storagec and
transport is simplest for HNOgz, Liquid oxygen has thc advontage
that it can bc manufactured away from production ccntres in small
mobilc plant at prcsent under development,

iv) BExplosive Risks. Thcse are groatest with H.T.P, and
probably least with liquid oxygen,

v) Fire Risks, Spontanecous fires would originatc most ensily
with H.T,P., but the risk is present with HNOz and liquid Og.
Fires with H.T.P. and HNOz can bec fought with water, whercas it
is much morc difficult to fight liguid oxygen fires; mctals burn
rea@lly i kigquid oxygers

A G : /Vi)



vi) Toxicity. Nitric Acid is the most unpleasant to
handle, both on account of the severe burns which it can cause and
because of the production of toxic gases in fires and with many
materials. Gas masks must be available,

Of the three oxidants, only nitric acid can be used in
sealed weapons, an advantage which tends to offset and to minimise
the toxicity risk. Moreover, leakage of nitric acid, unlike
the others, is readily and immediately dctectable.

vii) Usec _in Wespons.

a) Long Range Strategic Weapons. Liquid oxygen is preferred
to H.T.P. and HNOg.

b) Short Range Strategic Weapons. Both H.T.P. and HNOz
would be better than liquid oxygen.

c) Anti-Aircraft Weapons. HNOz .preferred because sealed
tanks can be uscd which simplifies handling and storage problems
and mcets the requirement for recady-to-usc projecctilcs most simply.

d) A.T:0'e, ~"Cold™ H.T.P. systeme offer distinet
advantages in simplicity of design, safety and dependability.
If picomponent systems are considered necesgssary, all three oxidants
could be used, but HNOz and liquid oxygen are much cheaper and
liguid oxygen can be produced in- sltu,

e) Aircraft Boosts., HNOz or H.T.P. are preferred to liquid
oxygen but the some commentes as on A.T.0's arec equally applicable,

f) Underwater Propulsion., There is no alternative at the
moment to H.T.P. '
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Physical Propertics

of Oxidants,

Oxidant Ligquid HNOg HoOg
Property - Oxygen W.F.N.A. (e
Density 80% 1.%4 (20°%C)
(gr/ml) 1.14 1551+ (98%) 85% 1,37 i
90% 1,39 L
Freczing 807 -22°C(-8°F)
Point. -218°C(-360°F) | -42°C (-44°F) .
, 85% -16°C (+3°F)
90% -11° (+12°F)
Boiling
Point. -183°C(-297°F) | +86°C(187°F) { 152°C (306°F)

(100%)
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TABLE

Furpose Number of Quantity of H,T.P. g Comments
Weapons required per annum
an 1950
1) Long range strategic No irnformation, but

weapcns ) unlikely that H,T.P.
) would be used. The
requirenents would
not be large.

2) Short range . No information.
strategic wcapons
3) Unguided A.A, If uscd, large Approx. 500 tons This is probably a
weapons, quantities rc- gross undcr-cstimate.
quircd ce.ge The requirement per
100,000 (&) wock may be as great
as this.,
L) Guided A.A. Secaslug 3, 000 500 tons

weapons Red Hcathen 500 tons
s (3,000 (b))

5) Aircraft A.T.O. 1,000 (a) " 500 tons - 1000 lbs. H.T.P. por
launch to give thrust
: 5 of 7000 1lbs. for 30
secs, LIf “ecold® A,T. 0,
requircment about 50%
higher.

6) Aircroft Boost. 1,000 (e) 3,000 tons 3 tons per flight re-
guiring 4,000 lbs,
thrust per 6 mins.at
fulitthreittilies

7) Underwoter 10,000 tons The author has scen
Propulsion ' 20,000 tons quoted figurcs of
8,400 tons and 20,000
tons,

a) This figurc is choscn mercly to show that the oxidant rcquirements for
this typc of weopon cre comporcble with thosc for guidcd wetpons. The
figurcs arc probably gross under-cstimetes.

b) The figurc is choscn by anclogy with thot for Scaslug.
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